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REACTION OF SPOCDUMENE WITH ALKALI SULFATES

E.Ye. Plyushchev

The possibility of decomposition of lithium minerals iéﬁg*
with alkalil metal salts had already been established, as a
result of mineralogical research,in the 80s of the last century.
However, the importance of this research for technological
purpcses was not recognized at the time. Sintering of lifthium
minerals with alkall metal salts, for the purpose of converting
lithium into soluble form, wilth subsequent production of one
or another of 1ts compounds, was proposed only more than 20
years later. In this case, it developed that better results
are gchieved by use of alkali metal sulfates.

Sintering of lithium minerals with KESOH acquired special .
importance, since 1t had been determined that all lithium
minerals react with Kzsou at temperatures of up to 1500°
(depending on the nature of the mineral), in which LiESOu,
which is easily removed from the sinter cake with water,

is formed.

A tremerndousnumber of works and patents were devoted to
processing of lithium minerals by sintering with K28045 however,
particularly much research was carried ocut on lepidolite and
the major lithium mineral, spodumene, L1204A1203-H8102 or
LiAl[SiZOGJ.

The reaction between spodumene and KQSOM bProceeds almost
quantitatively, and many 1nvestigators have expressed the
opinion that 1t is a volumetric decomposition, as the result
of which leucite, KEO-A1203-45102 or KAl[SiZO6], is formed.
However, this opinion was not supported by any research or

- proof, and it was assumed as extremely expedient, the more 8o .

¥Numbers in the margin indicate pagination in the foreign text.



because there is an external mineralogical simllarity in the
formulas of spodumene and leucite. Moreover, Judging by the
data in the literature [1-7], the spodumene-K,30, sintering
reaction proceeded completely satisfactorily, and there was no
urgent necessity for precisely defining the reaction mechanism.

Meanwhile, it is clear that one assumption of leucite
formation from spodumene contradicts old conceptions of ion
exchange in the process of the reaction of spodumene with Kzsoa,
similar to that which takes place in the permutite method
of water purification. It is completely obvious that, by
virtue of the sharp difference in size of the ion radii of
lithium (0.78 A) and potassium (1.33 A) and the necessity for
carrying out the process at high temperatures, such analogies
cannot be recognized as fortunate.

The reaction between spodumene and NaQSOu alsc has been
studled for purely technological purposes, in an effort to
replace KESOQ {(completely or partially) with NaESOH, which
could reduce the cost of the process. However, despite the
fact that there are indications [8] of the possibility in
principle of replacing Kgsou with NaESOu, even partial replace-
ment of one reagent by the other was completely unjustified in

practice at wvarious plants.

The work of Ye.S. Burkser and A.P. Rutman [6] sheds a
1ittle 1light on the reason for failure in replacement of KESOM
by Na,S0,. In it, the authors made an effort to study the
process of sintering of spodumene with alkali metal sulfiates.
The sintering was carried out at temperatures a little lower /643
than the melting temperature of the corresponding sulfates,
and the amount of the latter in the reaction with spodumene
corresponded to a 10% excess over the amount necessary according

to the reaction:



(1)

It was determined that the action of the sulfates on
spodumene increases with increase in atomic weight of the
sulfate cation and its ionic radius; in this manner, NaESOM
broves to be the least effective reagent.

The authors of the research were inclined to consider the
reaction between spodumene and the sulfates, considering only
the pattern of the reacting masses, and they did not study the
nature of the solid phase, of the products of this reaction.

Considering that the method for producing lithium compounds ,
based on sintering spodumene with Kzsoq, 1s the one mastered best
technologically, it retains its importance up to the present
time [9], and it has a number of advantages over other methods
and potential possibilities for further improvement, and we
undertook initially an investigation of the reaction of spddumene
with Just KESOM at high temperatures.

Preliminary study of the reaction between B-spodumene and
K550y, in the 700-1100° range, with various ratios of the com-
ponents, showed that formation of L1,50, begins at 700° and
proceeds in the solid phase; only above 1100° does the phenomenon
of sintering of the particles of the charge yield to the process
of melting, which is capable of leading to a decrease in the
conversion of lithium to the soluble phase. Sodium (in the form
of NaESOu) changes to the soluble form, together with lithium,
in sintering B-spodumene with KESOM'

We determined in this case that the clearly expressed
abllity of B-spocdumene to react with various salts at high
temperatures is not accompanied by a tendency towards decomposition



of the mineral into a series of phases, with production of
soluble aluminates and silicates. Thus, B-spodumene proves to
be a convenient initial material for a number of high-temperature

syntheses.

Therefore, subsequently, the reaction of spodumene with
other alkall metal sulfates was studied by the general method.

The main part of the work was carried out with thermally
enriched spodumene (g-spodumene) of the composition: L1i,0 5.04,
Na,0 3.20, A1,05 28.33, 5i0, 62.60 and Ca0 0.11 wt-%; K,0 is
absent; loss upon roasting 0.2 (£ = 99.86). The extent of
pulverization was such that 90% of the particles of the mineral

passed through a 150 mesh sieve.l

Investigations of the reactions between g-spodumene and
alkall metal sulfates was carried out with various ratios of
the components, wvariable duration of sintering and over a

wide range of temperatures.

In all tests, the spodumene was thoroughly mixed with
calculated quantities of a pure sulfate (MeESOu), and the
prerpared mixture was then transferred to corundum-coated
crucibles, in which they were placed in a muffle furnace,
heated o the prescribed temperature. Upon completion of the
test, the contents of the crucibles were repeatedly treated
with water under a rabble, for removal of all soluble salte
(the control was by the SOE_ ion). The solutions from water
treatment of the sintered masses contained lithium and sodium
(from the spodumene) in all cases, as well as that element, the

sulfate of which was in excess to the reaction:

l[Translator's note: hundreds digit not clear in text furnished. ]



4 (2)
ZLE(A1S1,04) -+ MesSO4 + Qg1 == 2Me [AISHOs) + LiaSOs. \

where Me = Na, K, Rb or Cs.

Analysis for the presence of alumina and soluble 5102 in
the solutions gave a negative result, in the cases of
sintering spodumene with KESOH’ RbZSOM and Csstu, but not with
NaESOu.

The insoluble residues remaining after water treatment of /644
the sinter cake were dried, roasted and subjected to silicate
analysis, as well as thermal, optical and x~ray phase examination.
As a result of this investigation, 1t was determined that reaction
(2) is of a general nature for the reaction of g-spodumene with
alkali metal sulfates having melting temperatures over 1000°:
KZSOM (1069°), RbESOu (1074°) and CSQSO“ (101%°). 1In this case,
in the absence of melting, the reaction forms LiESOuj(with
admixture of other sulfates),and the only insoluble phase is
the aluminosilicate of one alkali metal or the other. The
aluminosilicates which we synthesized by reaction (2) were
identified as leuclte, rubidium aluminosilicate (not found as
the rubidium analog of leucite) and pollucite (see Table 1).

The formation of new aluminosilicates in the insoluble
residues is found by x-ray phase analysis in tests carried out
at 900-950°; however, for completion of the reaction (to
obtain completely single-phase residues), it 1s better to carry
out the reaction at a higher temperature and with use of excess
alkall metal sulfates.

The aluminosilicates, some characteristics of which were
given in Table 1, were produced especilally under those conditions,
in which complete conversion of B-spodumene into other -



TABLE 1. DATA ON IDENTIFICATION OF POTASSIUM, RUBIDIUM AND CESIUM
ALUMINOSILICATES PRODUCED BY SYNTHESIS
BASED ON R-SPODUMENE.

Simol Calculated Found Average | Region and Nature
implest ifor the ' for Index of | of Thermal Effect
Aluminosilicate | Me[AISLO,L #; Me[AISLO, % Refraction on Heating
Formula © n' Curve
K{AISi:O6) (leuciteK,0 21.39 1K, 21,40 619 — 640°
ALOs 2335 Al,0, %3,51 1,5084.0,003, Endothermic, -
S$i0, 35.0% [ S5i0, 85,17 reversible
; Rbh,O 35.33.Rb,O 35,18 1055 — 1068°
Rb [AISi;00) ALO, 19.27 ALO, 10/39/152640,003! pyorhermic,
(Rubidium Si0, 45.30 [ Si0, 45,49 irreversible
aluminosilicate)
Cs [AlSisO4] CA-?eg 4’-'5'".7};(;‘.-‘;.-8 4135’6301 5142-0,003 Polymorphism
. y b.47 - 'y . ] s
(Polluc1te)' ka 315:;m6, 39,63 absent

aluminosilicates was ensured (temperature 1000°, ratio between
B-spodumene and MeZSGu equals 1:1 by weight, which considerably
exceeds the amount of MeESOH theoretically necessary in reaction

(2)).

The reaction between R-spodumene and Nazsoq proceeds
differently. The initially negligible replacement of lithium
in spodumene by sodium increases appreciably, beginning at q00°,
owing to the appearance of a melt (Na,80, melts at 884°),
However, the liquation of melted NaESOu which then sets in, the
caking of mineral particles into a rock-like mass and the
dissolving of speodumene as such in the Na2SOu melt, with forma-
tion of spodumene glass, all lead to retardation of the rate
and, finally, to cessation of the reaction. This predetermines
the unsultability of Nazsoa for separate use in production of
LiESOM from spodumene.

We note that the use of mixtures of KQSOM and NaESOM, as
well as of waste salts, forming during the lithium compound



production processes and which are low-melting mixtures, can be
achieved on a very limited scale. However, of course, it cannot /645
elther improve the conditions for stripping spodumene or increase

the conversion of lithium to soluble form. The stripping of
spodumene by KESOH always 1s more effective than stripping with

any mixtures, contalning a component with an appreciably lower

melting temperature than K2SOM.

It should be pointed out in conclusion that formation of
LiESOn and Insoluble aluminosilicates also proceeds by reaction
with alkali metal sulfates of natural spodumene (the a-modifica-
tion), which was established by special tests. However, the
mechanism of the process in this case is such that the reaction
of a-spodumene with Mezsou proceeds through an intermediate
stage of conversion of the o~ to the B-modification studied

previously [10].

The possibility of producing lithium compounds from
spodumene in the process of sintering its natural e-modification
with KESOM’ as 1s well-known, was used successfully in industry.
This possibility is extremely significant for the technology
of lithium compounds, since 1t gives the sulfate process a
universal nature, 1lnasmuch as the p-modification is formed in
the process itself of sintering a-spodumene with KESOM' In
this manner, the sintering of lump spodumene or the flotation
concentrate with K2SOM can be accomplished, without resorting
to speclal production of B-spodumene concentrate. This ecirecum-
stance distinguishes the sulfate method very favorably, for
example, from the sulfuric acid method [11], 1in which only the
B—modification of spodumene can be used.
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